Background: A new analytical variation of bioelectrical impedance vector analysis (BIVA), called specific BIVA, has shown to be more accurate in detecting changes in fat mass than classic BIVA. Objective: To compare classic and specific BIVA in order to identify which is more strongly associated with psychofunctional and nutritional indicators in a group of institutionalised elderly patients with dementia. Subjects and methods: Cross-sectional study. Fifty-four patients (34 women, 20 men) with dementia in moderately severe to very severe stages and aged 60-95 years underwent geriatric nutritional assessment, including body mass index calculations, the Mini Nutritional Assessment, the Geriatric Nutritional Risk Index, and whole body composition analysis. Results: With specific BIVA (unlike with classic BIVA), significant differences were found between women with moderately severe and very severe dementia. In the BIVA conducted for body mass index, the confidence ellipses produced with the classic BIVA approach were highly overlapping; but with specific BIVA, significant differences were observed between the women in different nutritional categories (malnutrition, risk of malnutrition, normal weight and obesity). On the other hand, both approaches distinguished malnourished women from those who were at risk of malnutrition, according to the Mini Nutritional Assessment; and men with a moderate-high risk of malnutrition from men with no risk, on the basis of the Geriatric Nutritional Risk Index. Conclusion: Overall, the findings of the present study suggest that specific BIVA is more effective than classic BIVA in identifying bioelectrical changes associated with psycho-functional and nutritional indicators in institutionalised elderly with dementia.
Introduction
The prevalence of malnutrition in institutionalised patients with dementia has been observed to be above 50% (Faxén-Irving et al., 2005) . However, it should be noted that there is also a high prevalence of undiagnosed subclinical malnutrition. This is of particular interest in this disease, since recent research has associated abdominal adiposity and high values of BMI in adulthood with an increased risk of developing dementia in old age (Gustafson, 2012; Misiak et al., 2012) . Indeed, changes in body composition (especially muscle mass depletion) are often masked by normal values of BMI. For these reasons, patients with dementia should undergo nutritional assessment and regular monitoring.
In clinical practice, geriatric nutritional assessment usually includes nutritional screening, a simple anthropometric assessment, measurement of various biochemical parameters, such as serum-albumin, and sometimes (but not always) body composition analysis. Among the nutritional screening tools available, the Mini Nutritional Assessment (MNA) is the most widely used in the geriatric population. It is also recommended by ESPEN for use in this group (Kondrup et al., 2003) .
Regarding anthropometric assessment, the nutritional indicators normally used such as the BMI or the percentage of unintentional weight loss, are based on height and weight measurements. There are also indicators that combine nutritional and anthropometric parameters, such as the Geriatric Nutritional Risk Index (GNRI). This index includes the serum albumin level and the percentage of ideal weight, and it has proven to be a good predictor of muscle dysfunction (Cereda and Vanotti, 2005) , morbidity and mortality in institutionalised elderly individuals (Cereda et al., 2008 (Cereda et al., , 2011 .
Finally, for the analysis of body composition, techniques are needed which are non-invasive, affordable, safe and simple, requiring the minimum possible collaboration by the elderly patient. The bioelectrical impedance analysis meets all these criteria and it has been considered by the European Working Group on Sarcopenia in Older People to be a good alternative to dual energy X-ray absorptiometry (DXA) for body composition analysis in older people (Cruz-Jentoft et al., 2010) .
Bioelectrical impedance analysis allows volumes of body compartments to be estimated from multiple regression equations. However, the use of predictive equations requires assumptions to be made about body compartments, such as there being no fluid imbalance or body shape abnormalities, and these conditions have been found to be violated in elderly institutionalised individuals (Norman et al., 2007) . In contrast, the vectorial approach to bioelectrical impedance analysis, called bioelectrical impedance vector analysis (BIVA), does not yield any absolute estimate of body compartments, makes no assumptions about body geometry, hydration state, or the electrical model of cell membranes, and is unaffected by regression adjustments (Nescolarde, 2006) . In the BIVA approach, soft tissues, hydration status and cell integrity are assessed with a resistance-reactance (R-Xc) graph, using the two direct components of the impedance vector (resistance and reactance, at 50 kHz and 800 μA) standardised by height.
The BIVA method is valid for nutritional assessment both in healthy (Buffa et al., 2009 ) and pathological (Norman et al., 2007) aged populations. Comparing BIVA with DXA for body composition analysis in elderly individuals, it has been found that BIVA is useful for detecting variations in muscle mass but is less effective for identifying variations in fat mass (Buffa et al., 2013; Marini et al., 2013) . In this regard, a new analytical variation of the method, called specific BIVA, has shown to be more accurate in detecting changes in fat mass than classic BIVA (Buffa et al., 2013; Marini et al., 2013) . In specific BIVA (BIVA sp), the individual values for R and Xc are converted to resistivity (or specific resistance, R sp) and reactivity (or specific reactance, Xc sp) by adjusting for the length and cross-sectional area of the body. In addition, R sp and Xc sp of the whole body (total R sp and total Xc sp) are calculated assuming that the arms account for 45%, the legs for 45%, and the trunk for 10% of the total R sp and Xc sp (Buffa et al., 2013) .
Several studies have examined the relationship between the impedance vector analysis performed with the classic approach and various nutritional indicators, including the MNA and the Subjective Global Assessment (SGA), and significant associations have been observed (Buffa et al., 2009; Norman et al., 2007 Norman et al., , 2008 . However, there have been no previous reports of comparisons with specific BIVA.
The aim of this study was to compare the two BIVA approaches (classic and specific) in order to identify which is more strongly associated with Global Deterioration Scale (GDS) and MNA scores, BMI, and GNRI in a group of institutionalised elderly patients with dementia.
Subjects and methods

Subjects
Elderly patients institutionalised in the Psychogeriatric Area of the Residential Care Centre San Juan de Dios (Palencia, Spain) were recruited for the study. Inclusion criteria were: Caucasian ethnicity, BMI between 16 and 34 kg/m 2 , and diagnosis of dementia according to the DSM IV criteria (American Psichiatric Association, 1997) in moderately-severe to very severe stages, according to the GDS scale (GDS 5, 6 and 7, respectively) (Reisberg et al., 1982) . Patients were excluded if they had ongoing acute illness, or had pacemakers or metal implants.
Finally, 54 patients participated in the study, 20 (19.6% of patients) men (mean, 95% CI age: 76.5, 71.9-81.0 y; range: 60-92 y) and 34 (33.3% of patients) women (mean, 95% CI age: 82.1, 79.2-84.9 y; range: 60-95 y). This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were approved by the Ethics Committee of the centre. Written informed consent was obtained from all subjects or their legal guardians.
Methods
Data on nutritional parameters and indicators used in routine geriatric nutritional assessment were recorded for all patients, assessments being completed within a single day for each individual. Anthropometric and whole body impedance measurements were taken first thing in the morning (following an overnight fast). Then, the MNA full-form was completed and GNRI was calculated.
Mini Nutritional Assessment (MNA)
The MNA full-form (Vellas et al., 2006) was used, consisting of 18 point-weighted questions in four categories: anthropometry, global and dietary issues, and self-assessment.
The items related to self-assessment of health and nutritional status were rated with the lowest score corresponding to patients unable to answer due to cognitive impairment. The items concerning dietary intake were completed on the basis of information provided by auxiliary nurses.
Geriatric Nutritional Risk Index (GNRI)
GNRI was calculated and interpreted following the procedure described by Bouillane et al. (2005) . Serum albumin (necessary to calculate the GNRI) was determined using standard methods (Tietz, 1986) .
Anthropometry
Anthropometric measurements were taken in accordance with the SENPE and SEGG protocol (Wanden-Berghe, 2006) . Body weight (W, kg) was measured, to the nearest 100 g, using a SECA 954 chair scale with the subject in underwear; and height (H, m) was estimated from a knee height measurement with the equation of (Chumlea et al., 1985) .
BMI was calculated as weight ( ) calliper (to the nearest 0.2 mm). Arm, waist and calf circumferences were measured with a flexible, inelastic measuring tape (to the nearest 1 cm).
Bioelectrical impedance vector analysis (BIVA)
The bioelectrical values of resistance (R, Ohm) and reactance (Xc, Ohm) were obtained with a single-frequency impedance analyser (BIA 101, Akern, Florence, Italy) using an operating frequency of 50 kHz and applying a current of 800 μA. Whole body impedance measurements were taken in accordance with the protocol described by Lukaski (1991) . Phase angle (PA, degrees) and impedance (Z, Ohm) were calculated from R and Xc as arctan Xc/R and (R 2 + Xc 2 ) 0.5 , respectively. In order to assess which of the two BIVA methods (classic or specific) is more powerful to detect differences between subgroups obtained considering the BMI, GNRI and GDS and MNA scores, 95% confidence ellipses were plotted for men and women. Direct impedance measurements, R and Xc, were standardised by the subject's height (classic BIVA, R/H and Xc/H, Ohm/m) and by cross-sections of the body together with the height (specific BIVA, R sp and Xc sp, Ohm * cm), following the procedure described by Buffa et al. (2013) .
Statistical analysis
Statistical analysis was carried out using the SPSS® version 18·0 (SPSS, Chicago, IL, USA). All data are presented as mean (95% CI) or median (5th-95th percentiles). The normality of the distribution of the variables was checked by the Kolmogorov-Smirnov test, and the homogeneity of variances by Levene's test.
Multiple comparisons were performed by ANOVA or Kruskal-Wallis tests, and post-hoc analysis by the Bonferroni test. A t-test or U de Mann Whitney test was used for pairwise comparisons, and correlation analyses were performed with Pearson or Spearman correlation tests. The level for significance was set at p b 0.05.
Vector analyses (classic and specific) were performed with BIVA software developed by Piccoli and Pastori (2002) . Statistically significant differences between the mean vectors were assessed with the Hotelling's T 2 test for vector analysis, and distance between groups with Mahalanobis distance.
3. Results Table 1 shows the subjects stratified by BMI, GNRI, and MNA and GDS scores, as they have been presented in the BIVA plots. Most of the study sample (both men and women) had severe to very severe dementia. According to the BMI, the majority in both sexes had a normal weight, while the MNA scores indicate that 80% of the men and 60.6% of the women were at risk of malnutrition. On the basis of the GNRI, the risk of malnutrition was mostly moderate in both groups.
The anthropometric and bioelectric values are shown in Tables 2 and  3 , and the correlation between bioelectrical variables and indicators used in the nutritional assessment in Table 4 . Triceps, biceps and subscapular skinfolds were significantly higher in the women, as were resistance (R, R/H and R sp) and impedance (Z and Z sp) values. Phase angle (PA) was significantly higher in the men (Table 3) . No significant differences were found in any of the other variables analysed. In relation to the correlation analyses, generally, all the nutritional indicators were more strongly correlated with the bioelectric parameters standardised by cross-sections of the body and also height (R sp, Xc sp and Z sp) than with bioelectrical parameters normalized only by height (R/H, Xc/H and Z/H) or the raw bioelectric parameters (R, Xc and Z) ( Table 4) .
Confidence ellipses for the GDS subgroups are represented in Fig. 1 . Neither classic nor specific BIVA was useful for distinguishing subgroups of men. On the other hand, with specific BIVA, significantly differences were found between women with moderately-severe and very severe dementia (T 2 = 8.0, p = 0.041, D = 1.37), while no significant differences were observed when using classic BIVA (T 2 = 4.2, p = 0.165,
In the BIVA stratifying by BMI (Fig. 2 ), significant differences were observed only among the women. The confidence ellipses produced with the classic BIVA approach were highly overlapping, and significant differences were observed only between normal weight and obese women ( With regard to the confidence ellipses for subgroups defined by MNA findings (Fig. 3) , neither of the two BIVA approaches were able to distinguish between subgroups of men. However, both approaches distinguished malnourished women from those who were at risk of malnutrition (classic BIVA Finally, the 95% confidence ellipses for groups according to the GNRI are represented in Fig. 4 . Both classic and specific BIVA approaches evidenced significantly differences between men without risk and men with moderate-to-high risk (classic BIVA Results are expressed as absolute and relative frequencies: n (%). 
Discussion
The clinical interpretation of the bioelectrical parameters using the R-Xc graph is simple. The impedance vector length (Z) and the phase angle (PA) are defined by resistance (R) and reactance (Xc) respectively. R is the opposition to flow of an alternating current through intraand extracellular ionic solutions, and it is inversely related to the intra-and extracellular water (ICW and ECW). On the other hand, Xc represents the additional opposition due to the capacitance of the cell membranes, and hence it is directly related to the amount of soft tissue structures (Piccoli and Pastori, 2002) . Therefore, an individual with a long vector length and a small PA (high R and low Xc values) has a poorer nutritional and hydration status than another subject (same sex, age, and BMI) with similar vector length and higher PA, since vector length is influenced by tissue hydration (and thus fat free mass), and vector direction (PA) is influenced by the amount of cell mass contained in soft tissues (Bosy-Westphal et al., 2005; Piccoli and Pastori, 2002) .
BIVA can be used to diagnose the nutritional and hydration status of individuals, plotting the point vector on the reference bivariate tolerance ellipses; and also to compare groups, using the bivariate 95% confidence ellipses of the mean vectors (Piccoli and Pastori, 2002) . The reference bivariate tolerance ellipses currently available were developed with the classic BIVA approach, using the bioelectrical parameters standardised by height; and more recently with the specific BIVA approach, using the bioelectrical parameters standardised by crosssections of the body together with the height (Saragat et al., 2014) . Their diagnostic efficacy has been evidenced in various clinical contexts, and it has been observed a good correlation between bioelectrical parameters and clinical diagnosis (Bronhara et al., 2012) . In regard to the specific BIVA method, Buffa et al. (2013) compared the accuracy of the classic and specific BIVA approaches in a large multiethnic sample (1590 adult individuals aged 21-49 years), and they demonstrated that specific BIVA is more accurate than classic BIVA in the assessment of FM percentage and ECW/ICW analysed with DXA and bioimpedance spectroscopy, respectively, as well as in the classification of individuals at the 5th and 95th percentiles for both indicators. Furthermore, it was also recently reported that classic BIVA distinguishes between elderly individuals with different amounts of fat and fat-free mass (according to DXA), but not between those with different fat mass percentages (FM%) (Marini et al., 2013) .
In view of the findings of Buffa et al. (2013) , and taking into account the demonstrated relationship between the bioelectrical patterns from classic BIVA and nutritional indicators routinely used in the geriatric nutritional assessment, we hypothesized that specific BIVA might also be more effective than classic BIVA when considering nutritional indicators. As hypothesized, the correlation analyses showed no significant correlations between any of the nutritional indicators (BMI, MNA score and GNRI) and R/H or Xc/H in the group of men, but there was a significant correlation between Xc sp and all the nutritional indicators and between R sp and BMI (Table 4 ). In the group of women, both R/H and R sp were significantly correlated with the three nutritional indicators, and also Xc sp (but not Xc/H) was correlated with the BMI, MNA scores and GNRI (Table 4) . These results suggest that specific BIVA is more sensitive than classic BIVA for detecting changes in body cell mass, which is expected to be more affected than hydration status with changes in BMI, MNA score and GNRI.
In relation to the 95% confidence ellipses of the mean vectors of GDS scores, no differences were found in either men or women using classic BIVA. Nevertheless, the R/H-Xc/H graphs (Fig. 1, A and C) showed a tendency to a longer impedance vector and a smaller PA with progression of the disease, as has been previously found in patients with Alzheimer's disease (Buffa et al., 2010) . In contrast, a significant mean vector displacement was observed between GDS 5 and GDS 7 in women when using specific BIVA: both vector length and PA were higher in GDS 5 than in GDS 7, and this was due to changes in R sp and Xc sp values (Fig. 1) . Therefore, both hydration status, fat mass and body cell mass are altered in advanced stages of dementia, and it was possible to detect these changes earlier using specific BIVA. This finding is certainly of interest in clinical practice, since practical guidelines for the diagnosis and management of malnutrition in Alzheimer's disease (the most prevalent form of dementia) recommend monitoring these two properties in order to prevent dehydration and protein-energy malnutrition (Belmin and Expert Panel and Organization Committee, 2007) , which are very prevalent in demented patients (Alagiakrishnan et al., 2013; Saka et al., 2010) .
Similar findings were obtained when using the 95% confidence ellipses of the mean vectors of BMI, MNA score and GNRI in women (Figs. 2,  3 and 4 respectively). Both R sp and Xc sp were directly associated with BMI, MNA score and GNRI. The mean impedance vector length shortened in parallel with the cataloguing achieved using each of the nutritional indicators; from obesity to malnutrition (in the BMI ellipses) and from no risk of malnutrition to malnutrition (in the GNRI and MNA ellipses). However, when employing the R/H-Xc/H graphs, the significant mean vector displacements observed in all nutritional indicators were due to significant changes in R/H values with comparable Xc/H values; and, in contrast to specific BIVA, the mean vector lengths in all R/H-Xc/H graphs were inversely related to BMI, MNA score and GNRI. These findings are consistent with the results of the correlation analyses (Table 4) , and classic BIVA patterns were also similar to the findings of previous clinical research (Buffa et al., 2009; Norman et al., 2007; Santomauro et al., 2011) . The discordances observed in the patterns of changes in the mean vector between classic and specific BIVA approaches were also expected. In relation to specific BIVA, there are currently no studies that examine the relationship between this method and nutritional indicators. Nevertheless, it is interesting to note that clinical research performed with segmental bioimpedance analysis has found a strong positive correlation between resistivity (R sp) and FM percentage (Biggs et al., 2001; Fuller et al., 2002) , while height 2 /impedance was higher and more positively correlated with total body water and FFM than with FM percentage (Fuller et al., 2002) .
The PA values observed in the R-Xc graphs by BMI (Fig. 2 , C and D) also were as expected. In the present study, the smallest PA value was observed in malnourished women, and well-nourished women had a higher mean PA value than the obese women using both BIVA approaches. Although this may seem paradoxical because low values of PA suggest poor nutritional status, an inverse correlation between BMI and PA has been found in severely obese subjects because of the increased ECW/ICW ratio of adipose tissue (Waki et al., 1991) . Furthermore, it has been also found that obesity is associated with a poorer psycho-functional status in patients with AD (Saragat et al., 2012) .
To our knowledge, this is the first clinical research in which specific BIVA has been applied to analyse bioelectrical changes associated with the routine nutritional and psycho-functional indicators used in geriatric nutritional assessment. The main limitation of the present study is the lack of a Gold Standard method for body composition analysis and the small size of the sample. The comparison of results obtained from specific BIVA with those obtained from a Gold Standard method would allow us to ensure the validity of our results. Regarding the sample size, it is well-known that the size of the confidence ellipses is influenced by sample size. Hence, finding significant differences in the confidence ellipses drawn for the group of men (n = 20) is difficult, although the R-Xc graphs do reflect the patterns noted in the group of women.
Conclusion
Specific BIVA is more effective than classic BIVA in identifying bioelectrical changes associated with GDS and MNA scores, BMI, and GNRI in institutionalised elderly individuals with dementia. 
